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dKDM5/LID regulates transcription of essential developmental genes and, thus, is required for different
developmental processes. Here, we report the essential contribution of dKDM5/LID to hematopoiesis in
Drosophila. Our results show that dKDM5/LID is abundant in hemocytes and that its depletion induces
over-proliferation and differentiation defects of larval hemocytes and disrupts organization of the actin
cytoskeleton. We also show that dKDM5/LID regulates expression of key factors of hematopoietic de-
velopment. In particular, dKDM5/LID depletion up-regulates expression of several transcription factors
involved in hemocytes proliferation and differentiation as well as of several small-GTPases that link
signaling effectors to actin cytoskeleton formation and dynamics.
& 2015 Elsevier Inc. All rights reserved.1. Introduction
dKDM5/LID is the main Drosophila histone demethylase that
speciﬁcally acts on H3K4me3 (Eissenberg et al., 2007; Lee et al.,
2007b; Lloret-Llinares et al., 2008; Secombe et al., 2007), an im-
portant epigenetic mark that promotes transcription (Barski et al.,
2007; Bernstein et al., 2005; Heintzman et al., 2007; Liang et al.,
2004; Litt et al., 2002; Noma et al., 2001; Santos-Rosa et al., 2002;
Schneider et al., 2004; Schübeler et al., 2004). dKDM5/LID has
been shown to contribute to development in different ways by
regulating the expression of important developmental genes (Di
Stefano et al., 2011; Gildea et al., 2000; Lee et al., 2007b; Liefke
et al., 2010; Lloret-Llinares et al., 2008, 2012; Moshkin et al., 2009).
Mammalian KDM5s isoforms have also been shown to play im-
portant roles during development and on cell fate decisions by
blocking terminal differentiation (Dey et al., 2008; Lee et al.,
2007a; Liefke et al., 2010; Lopez-Bigas et al., 2008; Schmitz et al.,
2011; Xie et al., 2011; Yamane et al., 2007).
Here, we identify an essential contribution of dKDM5/LID to
Drosophila hematopoiesis that, to a large extent, models
hematopoietic development in vertebrates (Crozatier and Meister,
2007; Evans et al., 2003, 2007; Wang et al., 2014). As for manyr Biology of Barcelona, CSIC,
34034979.
(T. Morán),
b.csic.es (F. Azorín).other species, Drosophila hematopoiesis occurs in two develop-
mental phases (Crozatier and Meister, 2007; Evans et al., 2003,
2007; Lanot et al., 2001; Makhijani and Bruckner, 2012; Wood and
Jacinto, 2007). During embryogenesis, hemocytes rise from the
embryo procephalic mesoderm and differentiate essentially to
phagocytic plasmatocytes (495%) and a few crystal cells. Almost
simultaneously, plasmatocytes disperse throughout the embryo
following speciﬁc migratory paths while help to phagocyte apop-
totic debris originated during embryogenesis. Later, during larval
development, hematopoiesis occurs in a specialized organ, the
lymph gland (LG), where hemocytes are produced and differ-
entiated in three different cell types: plasmatocytes, crystal cells
and lamellocytes, giant adherent cells that participate in en-
capsulation of foreign bodies and that are rarely seen in healthy
individuals.
Differentiation and proliferation of hemocytes are known to be
controlled mainly by the transcription factors serpent (srp), Glial
cells missing (gcm), lozenge (lz) and U-shaped (ush). srp is absolutely
required for speciﬁcation of prohemocytes and proliferation from
mesodermal precursors in the embryo and later in the LG, whereas
gcm stimulates their commitment to plasmatocytes (Waltzer et al.,
2010). At the same time, srp genetically interacts with lz and ush to
control the differentiation of prohemocytes into crystal cells
(Evans et al., 2007; Fossett et al., 2003; Waltzer et al., 2003). In
crystal cell lineage, srp has a dual role: the SrpNC isoform re-
presses crystal cell fate choice by associating to Ush but, on the
other hand, srp is required in combination with lz and together
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et al., 2010). In the larval LG, srp is expressed in all hemocytes and
apparently cooperates with lz to deﬁne crystal cell fate as in em-
bryos. Moreover, SrpNC in association with Ush inhibits lamello-
cyte differentiation (Waltzer et al., 2010). In addition, N signaling
also plays an essential role in the differentiation of both lamello-
cytes and crystal cells (Duvic et al., 2002; Lebestky et al., 2003;
Williams, 2007). Finally, the PDGF/VEGF-related (Pvr) receptor and
its ligands Pvf2 and Pvf3 are required for proliferation of hemo-
cytes and to coordinate their trans-epithelial migration in em-
bryos, and also for the survival of larval hemocytes (Bruckner et al.,
2004; Munier et al., 2002; Parsons and Foley, 2013; Wood et al.,
2006).
In this manuscript, we show that dKDM5/LID regulatesFig. 1. dKDM5/LID is abundant in hemocytes. (A) Distribution of dKDM5/LID (upper pa
embryos. (B) Expression of dKDM5/LID in embryonic hemocytes (left panel, in red) at em
panel, in green). DNA was stained with DAPI (in blue). (C) Expression of dKDM5/LID (in r
GAL4; UAS-GFPUAS-lidRNAi) (bottom row) larval hemocytes. GFP was directly visualize
(C) Lid mRNA levels are determined by RT-qPCR in hemolymph from control (Hml-GAL4
Lid mRNA levels were normalized to RpL32 mRNA levels. Results are presented as relathemocytes proliferation and differentiation during larval hema-
topoiesis, and contributes to the organization of the actin cytos-
keleton by regulating the expression of key regulatory genes in-
cluding several small-GTPases, which link many signaling effectors
to the actin cytoskeleton (Mattila and Lappalainen, 2008; Spiering
and Hodgson, 2011).2. Materials and methods
2.1. Fly strains
UAS-lidRNAi lines (9088R-1 and 9088R-2) were obtained from
NIG-Fly and dKDM5/LID depletion was performed in ﬂies carryingnels, in red; lower panels merged with DAPI, in blue) at different stages in control
bryonic stages 13–14. Plasmatocytes were marked using crq-GAL4; UAS-GFP (central
ed) in control (Hml-GAL4; UAS-GFP) (upper row) and in dKDM5/LID-depleted (Hml-
d (in green). DNA was stained with DAPI (in blue). Scale bars correspond to 50 μm.
; UAS-GFP) and in dKDM5/LID-depleted (Hml-GAL4; UAS-GFPUAS-lidRNAi) larvae.
ive expression respect to control larvae. Error bars indicate s.e.m.
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munostaining and RT-qPCR (Fig. 1C). GFPRNAi line (GFP-IR-1) was
obtained from NIG-Fly and w;Hml-GAL4;UAS-2xEGFP, yw;crq-
GAL4 and w;UAS-GFP strains were obtained from the Bloomington
Stock Center (USA). UAS-dKDM5/LIDJmjC is a catalytically dead
mutant that harbors two point mutations in the JmjC domain
(H637A and E639A) that prevent Fe2þ binding and abolish cata-
lytic activity (Li et al., 2010; Secombe et al., 2007). Fly stocks and
crosses were kept at 25 °C in standard culture media.2.2. Immunohistochemistry
Fixation and immunostaining of embryos were performed as
previously described (Huertas et al., 2004). For im-
munohistochemistry, hemolymph was ﬁxed with 4% p-for-
maldehyde, blocked with 3% BSA and stained with speciﬁc anti-
bodies, as described (Lesch et al., 2007; Williams et al., 2007).
Antibodies used were: rabbit polyclonal αLID 1:2000 (Lloret-Lli-
nares et al., 2012) and mouse polyclonal αGFP 1:500 (Millipore).
Speciﬁcity of αLID antibodies is described in (Lloret-Llinares et al.,
2012). F-actin was visualized using FITC- or TRITC-phalloidin
1:400. Slides were mounted in Mowiol (Calbiochem-Nova-
biochem) containing 0.2 ng/μL DAPI (Sigma) and visualized with a
Leica TCS/SPE confocal microscope. For image analysis, cell signal
density and total area measurements ImageJ 1.46r software was
used (Abràmoff et al., 2004).2.3. Hemocytes and crystal cells counting
For hemocytes counting, third instar larvae from each cross
were individually bled on a slide containing one drop of PBS, ﬁxed
with 4% p-formaldehyde as described above and mounted in
Mowiol (Calbiochem-Novabiochem) containing 0.2 ng/μL DAPI
(Sigma). Photographs of each bled spot were taken using a Leica
TCS/SPE confocal microscope. GFP signal was directly visualized.
For crystal cell visualization through the larval cuticle, third instar
larvae from each control strains and crosses of interest were
treated for 10 min at 60 °C as described in (Duvic et al., 2002).
After the blackening of crystal cells, larvae were immediately
mounted on slides with few drops of glycerol and their posterior
segments were photographed using an Olympus SZX16 stereo-
scope. For image analysis, photographs were processed and used
for cell counting using ImageJ 1.46r software (Abràmoff et al.,
2004).2.4. Quantitative RT-qPCR and ChIP-qPCR
For quantitative RT-qPCR experiments, RNA was prepared from
at least 100 third instar larvae bled in PBS and Trizol (Invitrogen).
cDNA synthesis was performed using random hexamer primers
with Transcriptor First Strand cDNA Synthesis Kit (Roche). qPCRs
were performed using SYBR Green (Roche) in triplicate in three
independent experiments. Relative expression data were normal-
ized against Rpl32. For ChIP-qPCR, cross-linked chromatin from 10
to 24 h embryos was prepared according to (Negre et al., 2006), as
described in modENCODE (http://wiki.modencode.org/project/in
dex.php?title¼Formaldehyde_Cross-linking_of_Chromatin_from_
Drosophila_Tissue:KW:1&oldid¼24442). Immunoprecipitations
(IPs) were performed as described in (Orlando et al., 1997), using
1–2 μg of speciﬁc rabbit polyclonal αLID (IgG puriﬁed). ChIP
samples were analyzed by qPCR according to the △△Ct method
using primers listed in Suppl. Table 1.3. Results
3.1. dKDM5/LID is abundant in hemocytes
Immunostaining experiments showed that dKDM5/LID is ubi-
quitously present throughout embryogenesis. However, at late
gastrula stages 13–17, a particularly strong signal was detected in
mature hemocytes (Fig. 1A). The presence of dKDM5/LID in em-
bryo hemocytes was conﬁrmed by the use of GFP expression in-
duced by the early hemocytes driver croquemort (crq-GAL4). As
shown in Fig. 1B, a strong αdKDM5/LID signal was detected in the
GFP-positive hemocytes. Similarly, a strong αdKDM5/LID signal
was detected in larval hemocytes from bled larvae that expressed
GFP induced by the late hemocytes driver Hemolectin-GAL4 (Hml-
GAL4) (Fig. 1C, upper). When combined with a UAS-lidRNAi to in-
duce dKDM5/LID depletion, a substantial reduction of αdKDM5/
LID signal was observed (Fig. 1C, lower) concomitantly to a re-
duction of 50% of lid mRNA levels in total hemolymph cells as
detected by RT-qPCR (Fig. 1C, right panel). Note that Hml-GAL4 is
expressed in a subpopulation of both plasmatocytes and crystal
cells, but it is not expressed in lamellocytes (Goto et al., 2003).
Therefore, total dKDM5/LID depletion is likely higher than 50%.
3.2. dKDM5/LID depletion affects proliferation and differentiation of
larval hemocytes.
dKDM5/LID depletion in larval hemocytes resulted in a sig-
niﬁcant increase in the number of mobile hemocytes in the he-
molymph (Fig. 2A). The number of non-sessile GFP-positive he-
mocytes per larvae was 80% higher in dKDM5/LID-depleted than
in control larvae (Fig. 2C). Furthermore, dKDM5/LID depletion al-
ters the characteristic distribution of hemocytes across the dif-
ferent segments of larval body (Fig. 2B, dorsal view), which ap-
peared in high number at the bands across the segments accom-
panied by an enhancement of the dorsal sessile compartments
(Fig. 2B). These features were previously described as associated to
hemocytes overproliferation phenotypes (Stofanko et al., 2008).
On the other hand, over-expression of dKDM5/LID reduced he-
mocytes number to a 25% (Fig. 2C) and the distribution of hemo-
cytes is altered accordingly (Fig. 2B). These results suggest that
dKDM5/LID regulates hemocytes proliferation in third instar lar-
vae. Similar to dKDM5/LID-depleted larvae, we also observed in-
creased cell proliferation in hemolymph from transheterozygous
lid12367/lid10403 null mutant larvae (Suppl. Fig. 1). Note that, in this
case, proliferationwas determined from DAPI stainings as the Hml-
GAL4; UAS-GFP system could not be used to identify hemocytes.
Interestingly, a similar increase in total DAPI positive cells was
observed in dKDM5/LID depleted hemolymph (Suppl. Fig. 1),
suggesting a non-cell-autonomous effect.
Concomitant to increased proliferation, we also detected an
increased number of differentiated crystal cells upon dKDM5/LID
depletion. Heat blackening of mature larval crystal cells allowed
their counting in the two posterior segments of third instar larvae,
where most of crystal cells are sessile. As shown in Fig. 3A,
dKDM5/LID-depleted larvae showed a signiﬁcant increase in the
number of crystal cells (compare panel 4 to panels 1, 3 and 5).
Similarly, transheterozygous lid12367/lid10403 null mutant larvae
also presented a signiﬁcant increase in crystal cell number (Fig. 3A,
panel 2). Unexpectedly, in this case, overexpression of dKDM5/LID
or a catalytically inactive form dKDM5/LIDJmjC also resulted in an
increased number of crystal cells (Fig. 3A, panels 6 and 7). In ad-
dition, a speciﬁc recurrent presence of lamellocytes was observed
(5–10 for each dKDM5/LID-depleted larva vs 0 for control) (Fig. 3B,
arrow). These giant cells are very uncommon under normal cir-
cumstances in wt ﬂies, but proliferate in parasitic invasion trig-
gered by the action of N through the JAK/STAT pathway (Waltzer
Fig. 2. dKDM5/LID regulates proliferation of larval hemocytes. (A) Hemolymph from control (Hml-GAL4; UAS-GFP), dKDM5/LID-depleted (Hml-GAL4;
UAS-GFPUAS-lidRNAi) and dKDM5/LID-overexpressing (Hml-GAL4; UAS-GFPUAS-lid) larvae was bled on slides and dispersed hemocytes were observed using direct GFP
ﬂuorescence. Dead hemocytes were detected after trypan blue staining (panels 7–9); GFP was directly visualized (green, panels 4–6); DNA was stained with DAPI (white,
panels 1–3). Scale bars correspond to 50 μm. (B) Dorsal view of control (Hml-GAL4; UAS-GFP), dKDM5/LID-depleted (Hml-GAL4; UAS-GFPUAS-lidRNAi) and dKDM5/LID-
overexpressing (Hml-GAL4; UAS-GFPUAS-lid) larvae (oriented head-to-tail). Sessile hemocytes compartments are visualized using direct GFP ﬂuorescence in vivo. C.
Average estimates of GFP positive hemocytes, counted from 15 different larvae for each experimental condition; error bars indicate s.e.m. (nnpo0.01).
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served in the absence of parasitic invasion upon RasV12 activation,
ectopic expression of the transcription factor Kr or of the con-
stitutively active form of Hemipterous and hopscotch kinases,which activate the JNK pathway (Asha et al., 2003; Stofanko et al.,
2008; Zettervall et al., 2004).
Altogether, these observations suggest that dKDM5/LID deple-
tion affects the developmental pathways involved in
Fig. 3. dKDM5/LID regulates differentiation of larval hemocytes. (A) Heat-blackened crystal cells were visualized through the cuticle of larvae of the indicated genotypes;
only sessile cells in the last posterior segments of larvae are shown. Quantitative analyzes of the results are shown in the bottom, where the relative change in crystal cells
counts is determined in relation to control w1118 larvae (N¼15 in all cases). Error bars indicate s.e.m. (B) Detailed view of lamellocytes observed in hemolymph from dKDM5/
LID-depleted (Hml-GAL4; UAS-GFPUAS-lidRNAi) larvae at low magniﬁcation (indicated with an arrow, top panel) and at higher magniﬁcation (bottom panel) to show the
F-actin cytoskeleton visualized using TRITC-phalloidin (red). DNA was stained with DAPI (blue). GFP was directly visualized (green). Scale bars correspond to 50 μm.
(C) Relative fold-change in the mRNA levels of the indicated genes as determined by RT-qPCR from hemolymph of dKDM5/LID-depleted (Hml-GAL4; UAS-GFPUAS-lidRNAi)
(black bars) larvae and larvae overexpressing a wild type form of dKDM5/LID (Hml-GAL4; UAS-GFPUAS-lid; dark gray bars) or a catalytically inactive mutant (Hml-GAL4;
UAS-GFPUAS-lidjmjC; light gray bars) with respect to control (Hml-GAL4; UAS-GFP) larvae. Error bars indicate s.e.m. (npo0.05; nnpo0.01).
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Fig. 4. dKDM5/LID depletion regulates actin cytoskeleton dynamics of larval hemocytes. (A) Hemocytes from control (Hml-GAL4; UAS-GFP) (panels 1–12) and from dKDM5/
LID-depleted (Hml-GAL4; UAS-GFPUAS-lidRNAi) (panels 13–24) larvae were stained with phalloidin-TRITC (in red) to visualize F-actin cytoskeleton. DNA was stained with
DAPI (blue). GFP was directly visualized (green). Scale bars correspond to 50 μm. (B) Enlarged view of the F-actin cytoskeleton (in red) is shown for representative control
(Hml-GAL4; UAS-GFP) (left panel) and dKDM5/LID-depleted (Hml-GAL4; UAS-GFPUAS-lidRNAi) hemocytes (central panel). On the right, the relative fold change of F-actin
ﬂuorescence and of total cell area of dKDM5/LID-depleted (Hml-GAL4; UAS-GFPUAS-lidRNAi) hemocytes is presented in relation to control (Hml-GAL4; UAS-GFP) hemo-
cytes (set to 1). Error bars indicate s.e.m. (C) Relative fold-change in the mRNA levels of the indicated small-GTPases as determined by RT-qPCR from hemolymph of dKDM5/
LID-depleted (Hml-GAL4; UAS-GFPUAS-lidRNAi) (black bars) larvae and larvae overexpressing a wild type form of dKDM5/LID (Hml-GAL4; UAS-GFPUAS-lid; dark gray
bars) or a catalytically inactive mutant (Hml-GAL4; UAS-GFPUAS-lidjmjC; light gray bars) with respect to control (Hml-GAL4; UAS-GFP) larvae. Fold change was calculated
for each gene with the respective values obtained from the control larvae after normalization to Rpl32 gene. (nnpo0.01).
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possibility, we determined whether dKDM5/LID depletion affected
expression of key genes involved in differentiation of hemocytes
using RT-qPCR. We observed that dKDM5/LID depletion resulted in
a signiﬁcant up-regulation of srp, lz and ush (Fig. 3C, black bars),
which could partially account for the altered proliferation/differ-
entiation observed. Indeed, srp stimulates the formation of pro-
hemocytes and, at the same time, it interacts with lz and ush to
control differentiation of prohemocytes into crystal cells (Evans
et al., 2007; Fossett et al., 2003). Therefore, the upregulation of
these genes may partially explain the observed over-proliferation
of plasmatocytes and crystal cells in dKDM5/LID-depleted larvae.
We also observed a signiﬁcant downregulation of Pvf2 and Pvf3,
which are ligands of the Pvr receptor that regulate proliferation,
survival and growth of larval hemocytes (Munier et al., 2002;
Parsons and Foley, 2013; Sims et al., 2009; Wood et al., 2006),
while Pvr expression itself was slightly upregulated (Fig. 3C). On
the other hand, dKDM5/LID over-expression downregulates both
Pvr and its ligands. Interestingly, the effects of dKDM5/LID over-
expression are largely mimicked by over-expression of the cata-
lytically inactive form dKDM5/LIDJmjC (Fig. 3C).
3.3. dKDM5/LID depletion disrupts actin cytoskeleton
dKDM5/LID depletion also triggered a deep cytoskeleton re-
organization resulting in larval hemocytes displaying big lamelli-
podia (Fig. 4A, panels 13–24). A remarkable increase of poly-
merized F-actin, that doubled that found in control hemocytes,
and a consequent increase in cell surface were consistently ob-
served in dKDM5/LID-depleted hemocytes (Fig. 4B and Suppl.
Fig. 2).
Higher-order actin ﬁlament assembly and dynamics are regu-
lated by small-GTPases, which link many signaling effectors, in-
cluding Pvr, to the actin cytoskeleton (Nobes and Hall, 1995).
Therefore, the hypothesis that dKDM5/LID inﬂuenced the expres-
sion of small-GTPases was analyzed by RT-qPCR. dKDM5/LID de-
pletion resulted in signiﬁcant upregulation of Rac1, Ras85D and
Cdc42, while Rac2 expression was found downregulated (Fig. 4C).
Note that overexpression of dKDM5/LID, or the catalytically in-
active dKDM5/LIDJmjC form, generally downregulates expression of
small-GTPases (Fig. 4C). Interestingly, upregulation of Rac1 and
downregulation of Rac2 could explain the enlarged lamellipodia
observed in dKDM5/LID-depleted hemocytes, because Rac1 di-
rectly stimulates actin polymerization in the lamellum and la-
mellipodium while Rac2 downregulation inhibits ﬁlopodia exten-
sion (Williams et al., 2007). In addition, dKDM5/LID-depletion did
not signiﬁcantly affect Rho1 and RhoL expression, that are neither
required for plasmatocytes migration nor for lamellipodia forma-
tion at least in embryos (Paladi and Tepass, 2004). Rac1 also ac-
tivates the JNK-kinase basket (bsk) to release hemocytes from the
sessile compartment (Zettervall et al., 2004). In addition, over-
expression of Ras85D produces a clear increase in hemocytes
number in third instar larvae (Asha et al., 2003). Therefore, the
observed upregulation of Rac1 and Ras85D could also contribute to
the increased number of circulating hemocytes detected in the
hemolymph of dKDM5/LID-depleted larvae by altering their dy-
namic relation to the hemocytes in the sessile clusters (Asha et al.,
2003; Babcock et al., 2008; Makhijani et al., 2011; Xavier and
Williams, 2011).4. Discussion
Here, we have shown that dKDM5/LID depletion induces pro-
liferation and differentiation defects of larval hemocytes, sug-
gesting that dKDM5/LID plays a fundamental role in the regulationof the hemocytes program. In this regard, we observed a strong
upregulation of several transcription factors that stimulate the
formation of prohemocytes (srp), plasmatocytes and crystal cells
(lz and ush), providing a reasonable explanation for the contribu-
tion of dKDM5/LID to hemocytes proliferation and differentiation.
In this respect, although not studied further, dKDM5/LID has been
identiﬁed in a recent screening for genes involved in LG blood
progenitor maintenance (Mondal et al., 2014). Interestingly, the
mammalian KDM5 homologs have been related with cell pro-
liferation disorders, such as cancer and X-linked mental retarda-
tion (Blair et al., 2011; Tahiliani et al., 2007), and a human trans-
location involving KDM5A and NUP98 was linked to leukemia (van
Zutven et al., 2006). In this regard, Ras85D overexpression, which
is observed in dKDM5/LID-depleted larvae, causes tumorous-like
phenotypes in ﬂies resembling leukemia (Zettervall et al., 2004). In
agreement, dKDM5/LID-depleted adult ﬂies frequently showed
necrotic/tumorous spots in the abdomen likely due to the mela-
nization of the crystal cells (results not shown). Altogether, these
observations suggest that KDM5s act as tumor suppressors.
Our results also show that dKDM5/LID depletion affects actin
cytoskeleton and the expression of several small-GTPases in larval
hemocytes. Alterations in the actin cytoskeleton dynamics gen-
erally affect cell migration (Mattila and Lappalainen, 2008). In this
regard, several observations suggest that dKDM5/LID regulates
migration of embryonic plasmatocytes that, during germ band
retraction, move from the cephalic mesoderm to invade the em-
bryo tail and, later, follow regulated routes to end up scattered
throughout the embryo (Fauvarque and Williams, 2011; Wood and
Jacinto, 2007) (Suppl. Fig. 3). We observed that, although the ex-
tent of dKDM5/LID depletion in embryonic plasmatocytes is low
due to the strong maternal contribution, their migration is altered
in UAS-lidRNAi;crq-GAL4 embryos (Suppl. Fig. 3B). Whether
dKDM5/LID also regulates expression of small-GTPases in em-
bryonic plasmatocytes is not known. However, we detected sig-
niﬁcant amounts of dKDM5/LID at the promoters of several small-
GTPases and their activating GAP-proteins (RhoGap and RapGap1)
in embryos by ChIP-qPCR (Suppl. Fig. 3C). Furthermore, it is known
that Rac1, Rac2 and Cdc42 are required for plasmatocytes migra-
tion and lamellipodia formation in embryos (Paladi and Tepass,
2004).
dKDM5/LID has been shown to regulate developmental genes
acting both as an activator and as a repressor (Di Stefano et al.,
2011; Gildea et al., 2000; Lee et al., 2007b; Liefke et al., 2010;
Lloret-Llinares et al., 2008; Moshkin et al., 2009). Our results show
that dKDM5/LID depletion upregulates expression of several
small-GTPases (Fig. 4C), suggesting a role as transcriptional re-
pressor. Consistent with this hypothesis, dKDM5/LID over-
expression strongly downregulates expression of small-GTPases
(Fig. 4C). Similarly, dKDM5/LID depletion also upregulates ex-
pression of several key regulators of hemocyte proliferation and
differentiation, such as srp, lz and ush (Fig. 3C). However, in these
cases, dKDM5/LID overexpression also upregulates their expres-
sion. In addition, some genes, such as Pvf2/3 and Rac2, are
downregulated both upon deletion as well as overexpression of
dKDM5/LID. Altogether these observations suggest that, either
directly or indirectly, dKDM5/LID regulates gene expression in
different ways. Further work is required to determine the precise
molecular mechanisms of action of dKDM5/LID in gene expression
regulation.
Most remarkably, the effects on gene expression of dKDM5/LID
overexpression do not depend on its demethylase activity since
they are also observed when a catalytically inactive dKDM5/LIDjmjC
form is overexpressed. Similarly, the effect of dKDM5/LID over-
expression on crystal cell proliferation is also independent of its
demethylase activity (Fig. 3A, panels 6 and 7). In addition, it has
been shown that the demethylase activity is not required for the
T. Morán et al. / Developmental Biology 405 (2015) 260–268 267contribution of dKDM5/LID to survival in oxidative stress condi-
tions and interaction with Foxo (Liu et al., 2014). Altogether, these
observations suggest that dKDM5/LID frequently plays demethy-
lase-independent functions. As a matter of fact, the high lethality
associated with dKDM5/LID null mutant conditions is rescued by
overexpression of the catalytically inactive dKDM5/LIDjmjC form (Li
et al., 2010).
Some other histone lysine demethylases, like KDM4B and Jar-
id2, and the chromatin remodeling enzyme SMARCAD1 have also
been identiﬁed as regulators of hemocytes development in Dro-
sophila (Mondal et al., 2014; Stofanko et al., 2008). Furthermore,
the unusual presence of lamellocytes without infestation, at ex-
pense of the prohemocytes pool, has already been reported in
mutant contexts affecting chromatin remodeling or proliferation
(Crozatier and Meister, 2007). Finally, the H3K4me1,2 demethylase
Lsd1 has also been reported to repress hematopoietic stem and
progenitor cell blood maturation in mice (Kerenyi et al., 2013). All
these observations suggest a complex epigenetic regulation of
hemocyte proliferation, migration, and differentiation that might
be also conserved through evolution.Acknowledgments
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